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ABSTRACT
Background: Vegetables and fruits are vital constituents of human diet, as it provides necessary
minerals and nutrients to human body to carry out biological reactions and provide protection
against various diseases and injuries. Solanum lycopersicum (tomato) is consider as cash crop in
Asian countries and are fine source of vitamin C, potassium, folate, vitamin K, and other bioactive
compounds including, phenolics, flavonoids, carotenoids, and alkaloids. Similar to other crops,
tomato quality and yield is also affected by pests. Globally, approximately 37.8% of tomato yield
is spoiled due to pests. To maintain the vegetable quality and attain more yields, pest manage-
ment approaches are applied, though extensive use of toxic pesticides are becoming a part of
our food chain and causing adverse effects. Methodology: The present research is intended to
evaluate the levels of toxic pesticides in different tomato varieties collected from four vegetable
markets (Hayatabad Phase 1, Chargano Chowk, Kohat Road and Tarnab farm) in Peshawar, Pak-
istan. After collection of tomato samples, level of pesticide residues (Cyhalothrin, Cypermethrin,
Chlorpyrifos, Bifenthrin, and Imidacloprid) were detected using high performance thin liquid Chro-
matography (HPTLC). Results: After detection, level of pesticides in sample was compared with
Maximum residue levels (MRLs). The magnitude of pesticides in samples was lesser to the Maxi-
mum residue levels (MRLs) provided by United State Drug Agency (USDA), though the quantity of
Lambda Cyhalothrin present in the sample was almost equal to MRL (0.097 mg/kg). Conclusion:
HPTLC is an efficient approach to detect pesticide traces in fruits and vegetables. Research work
should be focused on it, to identify and control farmer practices which are highly linked to pesti-
cide contamination in tomatoes and use of biopesticides should be encouraged. The cultivation
of transgenic tomatoes can also be an efficient approach to elude the utilization of toxic pesticides.
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INTRODUCTION
Vegetables and fruits are the major source of vita-
mins and minerals required by the human body to
perform various biological reactions and functions.
The vegetable are also the source of bioactive metabo-
lites which are used to treat different infectious and
chronic diseases, such as obesity, tumor, and re-
nal complications, cardiac and hepatic problems1–5.
During development stage of fruit and vegetable and
post harvesting storage, vegetable and fruits are in-
fected by the pests and ultimately lessens the yield.
Therefore, toxic pesticides are sprayed to avoid the at-
tack of pests. Due to minimal labor input, rapid and
vast action, exploitation of pesticides is increased 6.
Though, at early stages of plant development the in-
tense use of pesticides direct the plant to accumulate
residues. The plant surface absorb pesticides (root
surfaces and waxy cuticle) and integrate to the trans-

port systemof plant (systemic) or accumulate on plant
surface (contact) and cause oxidative stress7,8.
To control pests, the use of pesticides are helpful
but in return pesticides open the gateways for new
kind of crisis including loss of biodiversity, dam-
age to bio-control agents, insect resistance to pes-
ticides, accumulation of toxic components in food
chain and contamination of air, soil and water9. Pes-
ticides residues can stay in human body for long time
and cause prolonged effects, such as abnormal births,
cancer, hepatic and renal problems, cardiac omplica-
tions, Asthma, Parkinsonism and Alzeheimer’s devel-
opment10. Nausea, blurred vision, vomiting, coma,
trouble in breathing and deficit hyperactivity disor-
ders are the common other side effects of pesticide
residues11. The flow of these compounds in the food
chain and environment also occurs because of their
lavish, unplanned, mishandling and indiscriminate
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use12. Despite all the adverse effects, the use of pes-
ticides have been increased by 1169% during the last
20 years13.
Tomato, being a cash crop in Khyber Pakhtunkhwa is
sprayed with different kinds of pesticides to minimize
the crop injury due to various insect pests and thus
ensure maximum production and quality. Therefore,
this studywas organized to analyze fresh tomatoes ob-
tained from different areas of Peshawar city and check
for residues of pesticides in it and issue recommenda-
tions in the light of the findings from this study.

MATERIALS - METHODS
Sample Collection Sites
For analyzing tomato samples for probable pres-
ence or absence of pesticides residues, samples were
collected from four markets (Hayatabad Phase 1,
Chargano Chowk, Kohat Road/ Ring Road Junction,
Tarnab farm) located in Peshawar. After collection, all
the samples were shifted to Pesticides Residue Labo-
ratory, Agricultural Research Institute, (ARI) Tarnab
Peshawar for analysis using 5 various pesticides test-
ing mentioned in Table 1.

Table 1: Selected pesticides for testing in residual
experiments

Pesticides
name

Molecular
formula

Classification

Lambda cy-
halothrin

C23H19ClF3NO3 Pyrethroid

Cypermethrin C22H19Cl2NO3 Pyrethroid

Chlorpyrifos C9H11Cl3NO3PS Organophosphate

Bifenthrin C23H22ClF3O2 Pyrethroid

Imidacloprid C9H10ClN5O2 Neonicotinoid

Procedure for Extraction of Pesticides
Fresh tomatoes collected from various markets and
at -4 °C were preserved. After one hour for further
procedure the preserved samples were taken off. Af-
ter thawing, samples were sliced with speed blender.
Erlenmeyer flask of 500 ml capacity was used where
100 g from chopped vegetable sample was added in
it. Followed by anhydrous sodium sulfate 20 g, NaCl
2.5 g and freshly prepared distilled ethyl acetate 70 ml
was added. The use of ethyl acetate was for extrac-
tion. For an hour the flasks were shacked. For sepa-
ration of aqueous material from other solid materials
(vegetable parts that were not soluble in ethyl acetate)
Whatman fluted filter paper No.42 (Sigma-Aldrich)
was used.

Purification procedure
Purification procedure was carried out to purify
tomatoes extract. Pesticide residues were passed
through different purification steps as pesticide
residues were soluble in ethyl acetate. By passing
through active charcoals extracted samples were pu-
rified. At 105°C for 4 hours charcoal was activated.
One ml of extract was transferred in round bottom
flask and pesticide residues were dissolved in ace-
tone. Using rotatory evaporator sample was concen-
trated. Pesticide residues became concentrated after
passing through rotatory evaporator and easy to iden-
tify. Concentrated samples were filtered through filter
paper (0.2 µm) and analyzed by HPTLC.

Preparation of standards
At Residue Laboratory pesticide standards were avail-
able in powder form in different percentages. In 1%
methanol standard solution was prepared (Table 2).

Techniques for High Performance Thin
Layer Chromatography (HPTLC)
For the detection as well as calculation of the con-
centration of pesticides high performance thin layer
chromatography was used, using protocol designed
by14. In brief, glass plates (0.25 mm thickness) were
prepared. At 105◦C for 30 minutes each plate was ac-
tivated. Initially, various concentrations of standards
were spotted, then after the development of plate the
diameter and concentration of spot were noted. Be-
tween concentration and spot diameter a graph was
drawn that was helpful in the assessment of pesticides
in samples. Alongwith the standards the desired sam-
ple was spotted. Followed by placing plate in tank
that contained ammonia and methanol as a mobile
phase, to remove undesired material plate was placed
in fume hood.

Development of plate
For the development of plate different techniques
were followed as applying same detection procedures
all pesticides are not detected. Some pesticides when
observed underUV at 254 nm for 30minutes gave flo-
rescence. But under UV light many other pesticides
were not giving florescence so for the development of
plate many other techniques were followed.

Potassium iodide and O-tolidine
O-tolidine and potassium iodide spray generate
brown yellowish color. To note-down spot’s diameter,
coloring reagent spray was preferred. Color intensity
of brown yellowish varies with respect to the concen-
tration of pesticides in standards and sample spots.

714



Science & Technology Development Journal, 23(3):713-719

Table 2: Standard preparation for pesticides

Standard % available Amount taken of standard (g) Total volume (solvent)

Imidacloprid (95.03%) 0.105 10 ml

Bifenthrin (97.03%) 0.103 10 ml

Chlorpyrifos (97%) 0.103 10 ml

Cypermethrin (92%) 0.108 10 ml

Lambda cyhalothrin (96%) 0.104 10 ml

Enzyme InhibitionMethod

This method is applied for the development of those
pesticides on plate which produce color by and O-
tolidine and potassium iodide but do not give flores-
cence underUV light. Plate was placed for 15minutes
in bromine vapors. Plate was placed again in fuming
hood for 45 minutes for removing exceeding vapors.
For 30 minutes at 37◦C Horse blood serum enzyme
was sprayed on the plate. To eliminate the extra va-
pors from plate hot air steam was given. Then for de-
veloping color substrate solution was sprayed on the
plate. Spraying step was done in an incubator.
Tiny blue spots appear beside the white background
of the plate. Blue spots direct the existence of carba-
mate pesticides. The distance covered by the ethyl ac-
etate and the pesticides spots wasmeasured. To calcu-
late concentration of pesticides, the area of spots was
measured vertically and horizontally. Followed by the
calculation of the Rf value was measured through this
procedure.
It is worth mentioning that satisfactory results were
generated using O-tolidine and Potassium iodide,
therefore the technique of Enzyme InhibitionMethod
was not applied in our research.

Identification of pesticides

After developing the plate, presence of pesticide in ex-
tracted sample of vegetable was detected. If both stan-
dard retention factor and retention factor of samples
pesticide were matched then it was determined that
the sample was contaminated.

Quantification of pesticide

Quantification of pesticides through high perfor-
mance thin layer chromatography was done for dif-
ferent concentrations by measuring the diameter of
standards. Different samples were checked for plate
development. Diameter measurement and compari-
sonwith the standards quantifies the amount and con-
centration of pesticide in samples.

Statistical analysis
Data was collected from three experimental repli-
cates. Statistical calculations were carried out with
the GraphPad Prism 5 (Graphpad Software, Inc.) and
SPSS (Statistical Package for Social Sciences, IBM).
The results are presented as mean values with stan-
dard errors ( ± ). The mean values were subjected
to Duncan’s multiple range tests and Student’s t-test.
Values of p < 0.05 were considered as significant.

RESULTS
Retention factor for Pesticides residue
Retention factor of each pesticide was calculated by
running the standard samples on HPTLC plate. This
factor was calculated by measuring the distance trav-
elled by the spots and solvent. Thus, it is equal to dis-
tance travelled by the spot divided by distance trav-
elled by the solvent. The spots of Cypermethrin and
Chlorpyrifos pesticides traveledmore distance (8.8cm
and 8.7 cm, respectively) as compare to other pesti-
cides (Table 3).

Concentration of pesticides in tomato sam-
ples (mg/kg)
All the samples of tomatoes, obtained from various
markets had residues of various pesticides sprayed
against insects. The statistical analysis using F-test
indicated that significant differences existed in val-
ues calculated for concentrations of various residues
of pesticides. The tomato samples accumulated max-
imum concentration of Bifenthrin and Lambda Cy-
halothrin (0.100 ± 0.009 mg/kg and 0.097 ± 0.006
mg/kg, respectively). It indicates that both, Bifen-
thrin and Lambda Cyhalothrin are themost used pes-
ticides, or the tomato plant can easily up take these
pesticides as compare to others (Table 4). If the con-
centration of pesticides is compared on the basis of
area from where the samples were collected, toma-
toes from vegetable market of Chargano chowk and
Kohat road contained the higher amount of pesticides
residues (Figure 1).
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Table 3: Calculated retention factors for pesticides

Pesticide name Distance travelled by spot
(cm)

Distance travelled by the
solvent (cm)

Retention factor

Cypermethrin 8.8 13 0.67

Chlorpyrifos 8.7 13 0.669

Bifenthrin 6.8 13 0.52

Lambda cyhalothrin 7.0 13 0.54

Imidacloprid 3.0 13 0.23

Table 4: Pesticides concentration in Tomato samples obtained from different markets

Tomato samples obtained Pesticides concentrations in mg/kg

Imidacloprid Bifenthrin Lambda
Cyhalothrin

Cypermethrin Chlorpyrifos

1 Hayatabad 0.091 0.105 0.096 0.018 0.062

2 Chargano chowk 0.087 0.099 0.106 0.024 0.078

3 Kohat Road 0.098 0.108 0.097 0.014 0.077

4 Tarnab farm 0.079 0.087 0.089 0.012 0.055

Mean 0.089±0.007 0.100±0.009 0.097±0.006 0.017±0.005 0.068±0.011

Figure 1: Bar diagram showing values of different concentrations of residues obtained across various loca-
tions for tomato samples in Peshawar city (results in mg/kg).
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Comparison of pesticides concentration
in samples with maximum residue levels
(MRL) ratified byUnited States Department
of Agriculture (USDA)
The international permissible maximum residue lev-
els (MRL) as approved by United States Department
of Agriculture (USDA) for the observed pesticides
(Lambda Cyhalothrin, Cypermethrin, Chlorpyrifos,
Bifenthrin and Imidacloprid) in tomato samples are
given in Table 5. Lamdba Cyhalothrin and Bifen-
thrin are the toxic pesticides and upon exposure it
causes adverse effects on human health, therefore the
MRL approved by USDA for Lamdba Cyhalothrin
and Bifenthrin pesticides is limited to 0.10 mg/kg and
0.20 mg/kg, respectively.
When compared with MRLs, it is clear that the de-
tected concentrations of pesticides residues, present
in tomato samples obtained from various locations in
Peshawar city, are much lower than admissible level
(Table 6). Though the residue of pesticide Lambda
Cyhalothrin (0.097 mg/kg) is almost equal to MRL
(0.10 mg/kg) (Figure 2), its use in tomato crop must
be reduced so that the product remains safe for human
consumption.

DISCUSSION
In Agriculture, various kinds of chemical pesticides
are used to elude insect pest attack which may be de-
posited on fruit and vegetable surface and contami-
nate the product. If the calculated amount of pesticide
exceeds the extreme residue perimeter of pesticides,
then it can develop various kinds of diseases 12,15,16.
In the recent study, it was noticed that UV light gave
florescence to Imidacloprid and Chlorpyrifos, the de-
sired spots became detectable, similar to that deter-
mined by Munawar and Hameed,17. Pesticide classes
such as pyrethroid, carbamates , and organophos-
phate, were determined by UV light18. We concluded
that pesticides retention factor value can never be
changed by any ecological factor or irrespective of
time. Retention is measured by calculating the dis-
tance covered by the spot and the distance covered by
the solvent. Retention factor calculated in current re-
search work from HPTLC for Chlorpyrifos and Im-
idacloprid had similarity with the outcomes of Mu-
nawar et al.19. HPTLC can be run for detection of
various types of pesticides by applying different col-
oring reagents20. In current research study, all the
studied pesticides were present in tangible quantities,
though none of them was found higher than interna-
tional MRLs approved by USDA.The residue of pesti-
cide Lambda Cyhalothrin (0.097 mg/kg) in collected

tomato samples is almost equal to MRL (0.10 mg/kg),
these findings are in contrast to the results of Andrade
et al. and Khan et al.21,22. Seven different vegeta-
bles namely onion, chilies, cauliflower, brinjal, bitter
gourd, tomato, and okra were seriously affected and
contaminated with emamectin benzoate, cyperme-
thrin, lufenuron, endosulfan, profenofos, bifenthrin,
diafenthiuron, and chlorpyrifos in Sindh, Pakistan23.
Furthermore, every vegetable was contaminated with
more than one pesticide and majority of samples vio-
lated the Japanese MRLs. The existence of these toxic
compounds in the ecosphere and food chains also oc-
curs because of their unplanned, excessive, unselec-
tive use and mishandling12,24. In contrast, pesticide
application increased during the last 20 years by 1169
%13,24,25. In Pakistan themaximum level of pesticides
are being used in Punjab province (88.3%), followed
by Sindh (8.2%), Khyber Pakhtunkhwa (KP) (2.8 %)
and Balochistan (0.76 %). Out of these, only 11.9%
pesticides are being consumed on vegetables and fruit
crops24,26–28.

CONCLUSION
Vegetable comprises a significant portion of the daily
food intake of the human population. Customers
mostly ask for better quality and fresh-looking veg-
etables with no observable rashes or holes affected by
diseases or pests. To fulfill this demand, agricultur-
alists have to challenge pests and disease problems by
all possible means, including use of pesticides which
are hazardous to human health.
The current HPTLC method is an efficient and sim-
ple protocol that can be exploited for identification
and quantification of pesticides in the given food sam-
ple. It is worth mentioning that satisfactory results
were generated using O-tolidine and Potassium io-
dide, therefore the technique of Enzyme Inhibition
Method was not applied in our research.
Further, in this research project, it was observed
that pesticides residues (Lambda Cyhalothrin, Cyper-
methrin, Chlorpyrifos, Bifenthrin and Imidacloprid)
were traced in all the tomato samples collected from
different market places. The magnitude of these pes-
ticides, when compared with USDA permissible level
of MRLs was comparatively low. However, the quan-
tity of Lambda Cyhalothrin present in the sample was
higher to the MRL which is an alarming situation
as the continuous consumption of these poisonous
chemicals may accumulate in human body and may
lead to serious consequences.
Further, themolecular based study of population con-
suming pesticides contaminated fruits and vegetables,
is suggested. Research work should be focus on to
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Table 5: MaximumResidue Limit (MRL) provided by the United States Department of Agriculture (USDA) for the
tested insecticides

Pesticides name Classification MRL (mg/kg)

Lambda Cyhalothrin Pyrethroid 0.10

Cypermethrin Pyrethroid 0.50

Chlorpyrifos Organophosphate 0.50

Bifenthrin Pyrethroid 0.20

Imidacloprid Neonicotinoid 0.50

Table 6: Comparison of observed values for various pesticide residues verses international MRLs

Mean values for Pesticides concentration in mg/kg

Imidacloprid Bifenthrin Lambda
Cyhalothrin

Cypermethrin Chlorpyrifos

Detected 0.089 0.100 0.097 0.017 0.068

MRLs 0.50 0.20 0.10 0.50 0.50

Figure 2: Comparative analysis of pesticide residues obtained from tomato samples in PeshawarwithMax-
imum Residue Limits (MRLs) approved by USDA.

identify and control farmer practices which are highly
linked to pesticide contamination in tomatoes and use
of biopesticides should be encouraged. The cultiva-
tion of transgenic tomatoes can also be a substitute
approach to overcome the usage of toxic pesticides.
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